CHAPTER 3

SOVE EXTENSI ONS AND REFI NEMENTS OF THE THEORY
A LI FE-CYCLE MCDEL OF RISK CHO CE

In the previous chapter it was shown that hedonic wage-risk studies,
by assuming individuals correctly calculate their job-related risks of
death, yield M/S estimtes which are biased and inconsistent. Further, it
was noted that in order to nmeasure a person's perceptions of risk, and
hence estimate subjective evaluations of risk reduction, the refinement of
survey techniques is worthy of greater attention. In this chapter another
potential bias, which nay be inherent in hedonic wage-risk methods, is
explored and is offered as another justification for using the contingent
val uation approach in estinating evaluations of safety.

The bias in hedonic wage-risk studies described here stems froma
potential violation of the assunption that the |abor market operates freely
and is in equilibrium \Wen this assunption is violated, the [abor narket
is said to experience structural constraints. Such constraints on the
| abor market can be shown diagramatically to render a situation in which
t he hedoni ¢ wage gradient is not tangent to workers' indifference curves as
was the case in Figure 2.4. Rather, at an observed market |evel of risk
and wages, the worker's maxi mum | evel of expected utility intersects the
hedoni ¢ wage gradient.

That the hedonic wage gradi ent may be conprised of a | ocus of
indifference curve intersections rather than tangencies, suggests that a
"wedge" is formed between how the market transforns risk into wealth (as
descri bed by the slope of the hedonic wage gradient) and a worker's
mar gi nal value of safety (as described by the slope of the indifference
curve).

This leads to fwo possgibilities. Figure 3.1.1 shows the first case.
In this situation 8 and © are two different }evels of expected utility
for the sanme worker where ©" is greater than 8. TFurther, the hedonic wage
gradient is described by WLTH(w). |If the |abor market is operating freely,
this worker will maxinm ze expected utility by choosing a |level of job
related risk equal to m,. n this situation, the worker's MWS (as
described by the slope of 67) is equal to the rate at which the market
conpensates workers for taking risk (as described by the slope of WLTH(m)).
Therefore, if one was to estimte WLTH(rw), calculate WLTH'(r ), and
interpret the former as the worker's subjective WS, one would be correct
in doing so

However, if the worker was constrained to stay inajob with risk
level w., maxi mum | evel of expected utility is . At a level of risk
equal t&6 r, the rate at which the market conpensates risk-bearing
WLTH'(m.), is less than the worker's subjective MVS. (i.e., slope of @
A "wedge" is described by MVS, - WLTH'(nl) and, therefore, WLTH'(nz)

P
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underestimates the worker's subjective evaluations. The opposite situation
is described in Figure 3.1.2.

In this chapter, two sources of the aforementioned "wedge" wll be
di scussed. The first is attributed to the worker-consuner's increasing
ri sk-aversion through tine, and the increased transaction costs he faces in
changing jobs: referred to as "risk rigidities." The second stens from
asymmetry in the capital market.

The theory developed in this chapter is based on an intertenpora
nodel of career choi ces under uncertainty. This nmodel can be used to
elicit a marginal value of safety directly from anal yzing the decision
process an individual goes through in choosing a job. Differences in
potential jobs are quantified in terns of perceived job related risks of
death. Therefore, by picking a |evel of perceived risk the individual has
chosen a career

In the nmodel, the individual maximzes expected life tine utility
subject to an intertenporal budget constraint. The npbdel consists of three

peri ods: the training period, the working period, and the retirenment
period. The nore risky a job the individual chooses the less likely that
individual is to realize future utility. However, it is assunmed that

job-related risk and wealth are positively related, ceteris paribus. The
results of this nmodel reveal reasons to believe there exists a wedge
between how the market would transformjob-related risk into wealth and an
i ndividual's MWS

3.1 THE SI MPLE MODEL

3.1.1. A Life-Cycle Mde of Risk Acceptance

The theory of an individuals' career choice devel oped here is franed
within a three period life-cycle nodel with a risk of death in each period.
It is assunmed that the individual's npbst income-productive years are
towards the mddle of the life-cycle with income earned during these years
used to finance consunption during retirement and perhaps to pay off debts
cumul ated in the early years. Thus, the nodel here has an Ando- Modiglian
(1963) flavor with the career decision viewed as one which affects al
periods in an individual's life. Further, each period has a "life" state
and a "death" state with the career choice affecting the probability of
each state within the last two periods. Therefore, the decision of which
career to enter will affect the individual's life cycle via the incone the
career renders and the risk associated with that particular job. Moreover,
an WS termis derived directly fromthe cal cul us.

Al 't hough there has been sone attenpt in the safety literature to
derive an MVS froma life-cycle nobdel (e.g., Blomguist, 1979), this npbde
is novel in that the individual is assumed to re-evaluate his career choice
(i.e., choice of job-related risk) at various points within the life cycle
This formulation affords the opportunity to exami ne how attitudes towards
ri sk change during the course of one's life. Since an individual's
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Figure 3.1.1: Market Transformation of Risk to Walth (1)
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Figure 3.1.2: Market Transformation of Risk to Wealth (2)
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preference towards risk is an inportant factor in his subjective WS, it is
felt that the exami nation of how these preferences change is a worthy
endeavor.

To sinplify the analysis, an individual's life is partitioned into
four periods with each period's utility assuned to be a function of
consunption in that period. The first period, period zero, is childhood.
Here the child' s consumption level is given to himby his parents
Therefore, consunption, and hence utility, in this period is assumed to be
exogenous to the nodel. It should be noted, however, that an individual's
optimal choice of job-related risk will be affected by his initial
endowrent of wealth given to himby his parents. Viscusi (1978b) sets up a
one period expected utility nobdel and concludes that the nore assets, or
exogenous consunption, an individual inherits from his parents, the |ess
job-related risk he will accept. However, since we are exanining decisions
that the person has control over, this period is not included in the nodel
It is also assuned that the individual does in fact |ive through chil dhood.

After childhood, the individual is faced with the decision of what
career to enter. It is therefore at the beginning of this period, period
one, that the person nakes a career choice. The rational individual is
aware of the fact that this decision will affect his lifetinme stream of
utility.

Period one is assuned to be a period of training for the individual's
career. Exanpl es of such training could be enrollnment in college,
vocational schools, or apprenticeship prograns. Earnings in this period
are so small conpared to incone nade on the job that they are assuned to be
zero. Therefore, consunption in period one is financed through borrow ng
on future income. Elimnation of this period due to the fact that sone
peopl e do not go through training periods does not affect the basic results
of the nodel.

Period two is then defined as the tine in which the individual is
actually working in his career. It is assumed that this is the only period
in which the person earns income. Therefore, this incone nmust be optimally
di stributed anong the three periods since the person nust (1) pay back
| oans taken out for period one's consunption, (2) consume sone positive
quantity in the second period, and (3) save for consunption in period
three. It follows that period three is the retirement years.

In order to quantify the vector of possible careers, each potentia
job is described in terms of its perceived job-related risk of death.
Clearly, each job is described by other characteristics other than risk but
the relevant job attribute here is risk. Therefore, for the purposes of
this nmodel, by choosing a career, the individual chooses a |evel of
job-related risk of death.

If the individual chooses a relatively risky job, the probability of

l'iving through periods two and three decreases, as do the odds of realizing
utility in these periods. However, the benefit in taking such risk stens
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fromthe fact that riskier jobs yield higher incomes, ceteris paribus. As
Viscusi (1978a) points out, the positive nature of this relationship is not
an assunption but rather is a result of the nature of the job choice

problem He adds that, "the derivation of this result [does] not require
that workers be risk averters. The only assunption required [is] that [a]
good health state be nore desirable than [an] ill health state."

That peopl e engage in various consunption activities, other than work,
which yield positive utility and increase the odds of dying (e.g.,
snmoking), will not be of concern to this npdel. Such risks will be
referred to as exogenous risk of death. This is done because the npdel
concerns career decisions. Therefore, it is assunmed that the only thing an
i ndividual does to affect his probability of death is the career choice.
Further, since the individual only works in the second period, this is the
only period where risk of death has an endogenous elenent. Gven this, the
probability of death is defined as foll ows:

T, = exogenous risk of death in period 1

m risk of death in period 2

2
=1,
wher e
n2° = exogenous risk of death in period 2
My, = I evel of additional risk due to job-related hazards
Ty = exogenous risk of death in period 3.

[t follows that;

(1-v1) = probability of living through period 1

(l-wz) = probability of living through period 2; given that
the individual survived through period 1
(1-n3) = probability of living through period 3; given that

the individual survived through periods 1 and 2.

Typical ly w2° < My Mg

Since (l-r.) is the probability of living through period i given that
the individual “has survived through all previous periods, (l-mw.,) is
actually a conditional probability. Assunming that =, is indepenﬁent of
m,, the followi ng expressions represent the unconditional probabilities of
sdrvival:

(l-nl) = probability of surviving to the end of period 1
(l-nl)(l—wz) = probability of surviving to the end of period 2
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(1-w1)(1—n2)(1-n3) = probability of surviving to the end of period 3.

Because exogenous risk of death is typically [ owest in period two,
an individual may not be too hesitant to increase m, (by increasing T,).
This may be especially true in light of the fact tha% income in periou“wo
i ncreases as the individual takes on nore risk and that incone nust be
distributed among the three periods. The positive relationship between
risk and wages is given by the hedonic wage-risk gradient the individua
faces in period two:

YZ = yz(nz)
dy2
where —— > 0 and where Yy is defined as the income in period two.
dm
2

An additive expected life time utility function is assumed which takes
the form

L
E(U7) = E(Ul) + E(UZ) + E(U3)
wher e E(Ul) = (l—ﬂl)Ul(cl) = expected utility in period 1
E(Uz) = (l-Wl)(l-ﬂz)Uz(cz) = expected utility in period 2
E(U3) = (l—wl)(l—nz)(l—w3)U3(c3) Z expected utility in period 3
Ui(ci) Z utility in period i as a function of that period's

consumption level,

Finally, the individual faces the follow ng typical intertenpora
budget constraint:

2 2
y, + 8y, + 8yg =) + 8, + 8%

2 3
wher e
v E income in period i
c, = consunption in period
§ = 1/ (l+r)
r = the real rate of interest.
Since it is assumed ihat Y = =Q, Y= ¥, (n ) and because wealth,

WLTH, i s defined as the present dlscounted value or %uture earnings, the
constraint reduces to:

WTH = Gyz(;rz) = o, +0c, + 52.:3 (1)

It should be noted that although utility in each period is uncertain
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due to the probability of death, it is assumed, for sinmplicity, that there
is certainty over income. Therefore, there are no added conplications
involved in transferring incone fromone period to another, or nore
precisely, distributing consunption among periods. Also, r is assumed to
be known and constant throughout all peri ods.

We can now set up the individual's maxinization decision which is made
at the beginning of period one. It is as follows:

L ~
max E(U”) with respect to Cl» Co» C3, Ty
. - 2
subject to WLTH(wZ) =c + 5c2 + 4 cy
At this point the assunptions on the expected lifetinme utility
function, E(U”), should be explained. The type of structure to inmpose on

the utility function is controversial. One nmust weigh the benefits of
greater generality with the costs of possible intractability. There are
basically three types of general structures that have been inposed on
iEtertenporaI model s of utility. First, one can express lifetine utility,
U~, in the followi ng nost general nanner:

L L 3 ut
U=U(C1,C2,...,Cn) W#O. (2)
1]

The second structure often inposed is to assume a separable vt but
allow the utility functions fromone period to another to be different.
This structure allows for the fact that individual characteristics, or
tastes, may change from one period to another. Wthin this structure we
express U~ as

ot - U () + U,y(ey) + Uyley) . (3)

The third assunption often used is that the utility function is the
sane in each period and only the argunents change. That is:

Ut = U(e)) + Uley) + Uley) . (4)

Often when structure (4) is used, the individual is also assumed to be
myopi c. In other words, the individual is assumed to have a rate of tine
preference with respect to utility. This suggests that people discount
future utility since they may prefer present utility to future utility.
This nodifies (4) in the follow ng manner:

L 1 1 2
where p = rate of time preference.
| medi atel y one can see the advantages of using (3) over (4'). That

is, the utility functions in (3) can differ from period to period either
because the functional form changes from period to period or they can
change merely because people are myopic. In other words, since (3) is nore
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general than (4') the former could enploy the sane assunptions as the
latter by assuming that:

U1 = U(Cl)

U, = (=)UCc,)

2 = g5 Ule,
L2

U3 = (m) U(C3)

hie nodel in this section assunes that UL takes the formof (3); that
is, U is separable with different utility functions across periods. In
this manner utility in each period is assuned to be independent of the
arguments in the other periods' utility functions. This |loss of generality
makes the problem tractable, makes the first order conditions relatively
easy to interpret, and, for this nmodel, is a realistic assunption. In this
nodel separability is a realistic assunption for two reasons: (1) the three
periods are distinctly different in nature, and (2) each period covers a
relatively long period of time. Wth respect to the second, if each period
were one day (or even one year) it might be questionable to assunme, for
exanple, that the utility of eating a steak today is independent of whether
or not a steak was eaten yesterday. However, it is not as controversial to
say that the utility of eating a steak today is independent of whether or
not a steak was eaten five years ago

Also, this nodel assunes no bequest val ue. In other words, it would
be nore precise to say that expected utility in a given period, E(U, is
actual ly:

E(U = (1-m)U + mu

wher e T = risk of death
U= utility inlife
U=utility in death.

Assuning that @ is very small relative to U U can be said to be
approximately equal to zero. Thus, E(U) reduces to:

E(U) = (1-m)U.

Further, the follow ng typical assunptions on each period's utility
function are also nade:

3E(U,) a?‘E(U.)
1 1
—_— >0 —_— <
dc, 2
i dc,
. 1
Finally, one need not feel uneasy about the fact that there is the

possibility that the individual nmay borrow nmoney on future earnings and
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then die before he or she pays back the loan. This is a risk incurred
on the bank not the individual and is incorporated in the interest rate.

Wth this information in hand we can formally state the individual's
maxi m zation problem as follows:

max

EUD) = (-1 DU (e )) + (1=1)) (1=1)U, (e)) + (1=7)) (1=7,) (L-7,) U, (e,)

+ 6c2 + & c2

subj ect to: WLTH(WZ) =c 3

1

The lagrangian is therefore

L - 2
L = E(U) + A[WLTH(WZ) -cy - Gcz -6 c3].

The first order conditions fromthis maximzation problemare as follows:

3oy - (Ut A= 0 (5)
oL _ _ _ _ a
5;; = (1 wl)(l nz)U 2 A =0 (6)
L _ _ _ _ v <2 _
a—CB = (1 TTl)(l TTZ)(]. Tr3)U 3 §°x =0 (7)
L (l-m U~ (1-m)(l-m.)U, + » SWLIH _ (8)
- 1772 1 3773 d

2 Ty

dUi
] - _1
wher e Uy

conditions (5)-(7) inmply respectively:

A= (l—vl)U'1 (5")
A o (1-m) (LT U 5
(1+r) 1 27 2 (6)

;= (L-m) (1-m,) (1=r ) U (7)
Y 1 2 (1=m3) U7

These are standard utility conditions put into an intertenpora
expected utility framework. By the envelope theorem A is the nargina
utility of wealth. Therefore, conditions (5)-(7') inply that, at the
optimum the discounted marginal utility of wealth equals the expected
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marginal utility of consunption. This is nothing nore than a margina
cost equals marginal benefit condition. The right-hand-side in (5)-(7")
is the expected marginal utility (benefit) of consunption; that is, an
increase in wealth leads to an increase in consunption and hence utility.
The left-hand-side in (5')-(7") is the discounted shadow price of wealth.
This price nmust be discounted and is, therefore, highest in the first
period (as shown by (5')) since the opportunity cost of consunmption in the
first period is the highest. This is because a unit of consunption in the
first period could have been in the bank for the |ongest period of tine and
thus coul d have rendered a higher | evel of consunption in the future.

Solving for A in the first order conditions inplies yet another
standard utility maxim zation condition. If we then equate (5) and (6),
(6) and (7), and then (5) and (7) respectively, we get the follow ng
condi tions:

E[U'l]
B[O, " (1+1) (9)
E[U'Z]
E_[TI'—B] = (l+r) (10)
E[U',]
E—[ﬁ.—i—]' = (l+r)2 (11)
E ] j
wher e E[U J.] = igl(l-ni)Uj
and E is the expectations operator.

The left-hand side of (9)-(11) is the nmarginal rate of substitution of
c. for c (i #j; i, j =1, 2, 3) expressed in expected value terns. This
denotes the subjective manner in which the individual wuld like to
substitute a unit of ¢, for a unit of c. The right-hand side of (9)-(11),
on the other hand, repfresents the margiﬁal rate of transfornmation of c. for
c., NRTi-. NRTi' expresses the objective manner in which the individua
chn trahdforma'unit of C; for a unit of ¢c.. Gven convex indifference
curves, when these conditions are net, i nterior solutions for maximm
expected utility are obtained.

Figure 3.2 graphically represents condition (9). In this figure the
expression (l+r) inplies that the individual can transform one unit of ¢
into one unit of c, at (l+r). In other words, every unit of cl must be

paid back, with interest, during period two. This inplies that in tota
c,(l+r) must be paid back | eaving this same anount unavailable for
consunption in period two. Simlarly, the individual can postpone a unit
of c,, put it in the bank, and render (l+r) available for consunption in
period three. In Figure 3.2, giyen a cgnvex indifference curve, o, the
opti mal val ues are described by c, and Cyo
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Figure 3.2: Intertenporal Equilibrium
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That these standard intertenporal utility maximzation conditions (in
expected value terns) fall fromthe nodel suggests that the nodel is
correctly set up. Al though these conditions are not in thenselves
earthshattering, they lend credibility to other conditions which follow
from the maxim zation procedure. |In particular, we are interested in the
type of job (defined above as the level of job-related risk of death) the
i ndi vidual chooses. Recall fromthe maximn zation problemthat:

aL_ =(1=m DU, = (1= DU, + A dwLTH _
am 2 1773 dw
2 2
which inplies: ASETH o (1 p YU, + (l-7,)(1-1)U
2 ) 1 3/U3
L)

dWLTH (l—nl)U2 + (l-rrl)(l--Tr3)U3

dnz A

L Qe AeT)Uy + (e (1=7,) (L= Uy |
WLTH' (7)) ~ A(I-T) (8)

The left-hand side of (8') is the marginal benefit of taking on nore
risk: t he anpbunt present discounted earnings (earnings in period two)
increase wWith an increase in w,, Renenber that since the individual is
maki ng the career decision at %he begi nni ng of period one, incone from
period two will be discounted. The left-hand side of (8') is nerely the
sl ope of the hedonic wage-risk gradient. In order to interpret the right-
hand-side of (8') we nust return to the objective function, E(U"). Totally
differentiating E(U™) and combining |like terms yields:

E(U'l)dcl + E(U'Z)U' + E(U’3)U'3dc

) 3
- [(=7)U, + (1=m) (1-1)U,]dr, = dE (ub) (12)

Suppose we ask the question how nmuch nust we change the present

di scounted yal ue of income from period Lweidgiven a change in =, in order
to keep E(U") at the same level (i.e. dE(U7) = 0). This.is nothing nore

than a conpensating variation neasure given a change in =, In deriving

this conmpensating variation it is assuned that the i divié%al distributes
the additional wealth needed to naintain a given E(U") optimally between

the three periods. Returning to our first order conditions and solving for
U'.1 in (5), (6) and (7) we find that an optimal allocation of a change in
wealth requires that:

U'l = (l"'l) (5")

A

v, = (I-7 ) (1-7,) (1+1) (6")
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U, - 2 . (7)
(l-wl)(l—nz)(l—w3)(l+r)

substituting (5"), (6"), and (7") into (12), setting dE(UL) = 0, and
combining like terns inplies that:

2 ~
X[dc1+6dc2+6 dc3] = [(l—nl)U2+(l—wl)(l—n3)U3]dW2 (13)
Recal | the intertenporal budget constraint from equation (1):
. 2
Gyz(wz) =c + 6c2 + 8 g
_ 2
or WLTH—c1+6c2+6c3
totally differentiating (1) yields:
2
dWLTH = dcl + 6dc2 + 6 dc3 (14)

substituting (14) into (13) yields:

AAWLTH

[(1-7 U, + (1-n1)(1-n3)u3]d%2

gwpra (7T + (Q-m) (1-my) U, ]

dwz A

JWLTH [(l—vl)(l-'lrz)U2 + (l-wl)(l—nz)(l—n3)U3]

= = MVS (15)
dr X(l-wz) 1

2

E(UZ) + E(UB)

MVS, = (T (15')

This conpensating variation, therefore, neasures the individual's marginal
val ue of safety, MVS.. MVS. is the amount of wealth an individual wll
subjectively require in ordér to take on an additional amunt of risk in
period two as seen froma period one perspective. As was shown in chapter
2, Mis > 0. Arelatively low value of MVS, inplies that the individual
exhibits a relatively low risk-averse preference and therefore does not
require nmuch conpensation for taking on Mo

Therefore, fromconditions (8') and (15) we can conclude that:

WLTH'(%Z) = MVS, (16)

From equation (15') we can see that the magnitude of MVS, depends on the
l evel s of E(U,) and E(U,) (which in turn depend on Uys U3 and on Ts Ty
and 1r3) and” AT" the marginal utility of wealth.
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This suggests that if an individual expects high levels of utility in
the future (i.e., periods two and three) this person will have a
relatively high WS and nmay be adverse towards entering high risk careers.
Also, a low marginal utility of wealth means that for a given |level of
WLTH'(w,), the anount by which this increases E(U7} is relatively |ow
It is, %therefore not surprising that this person will be nore adverse
towards taking a risky career since the benefits are relatively low. This
is reflected in a high MVS, .

Figure 3.3 shows the hedonic wage gradient, WLTH(nZ), t he individua
faces in the above naxinization problem  Furthgy, the i'ndifference curves
for two different individuals are given as © (for a risk-averse
individual) and © (for a risk-1oving individual). The risk averse
wor ker consumef, satisfies condition (16) by choosing to train for a | ow
risk career, m, while tQe risk-loving worker-consuner chooses to train for
the higher ris career m,.

The results obtained to this point suggest that MVS estimates from
hedoni ¢ wage-risk studies, if nodified to nmeasure perceived risk
accurately reflect subjective evaluations of risk reductions (as shown by
the simlarity between Figure 3.3 and Figure 2.4). However, since this is
a life cycle nodel, the question naturally arises will the choice of an
optimal job-related risk made at the beginning of period one remain optima
t hroughout the individual's |ife?

If the individual at sone future point in tine re-evaluates the above
maxi m zation problem and the optinal |evel of job-related risk does not
change, this individual is said to exhibit dynami c consistency. If, after
re-evaluating, the optinmal |evel of risk changes, dynam c inconsistency is
said to be observed

It will be shown in the next section that dynami c consistency will
only result under extremely heroic assunptions. Therefore, the
wor ker-consuner is eventually faced with the decision of whether or not to
train for a different career.

3.1.2.  Problenms of Dynanic |nconsistency and Risk Rigidities

The dynami c inconsistency problem stems fromthe fact that if the
individual is to re-evaluate the maximzation problem at the beginning of
some future period (e.g., at the beginning of the work period), the
original "lifetime plan" with respect to optimal risk acceptance is no
| onger optimal. The results here are sinmilar to Robert Strotz's problem of
consistent planning in his 1955 article entitled "Mopia and |nconsistency
in Dynamic Utility maximzation." Strotz showed that inconsistency arises
if the individual discounts utility with a nonexponential discount
function.

Strotz's result when applied to this nodel suggests that, unless the
perceived risk of death is constant throughout an individual's life so that
t he odds of being alive decline exponentially over time, the "optinmal"
degree of job-related risk may be different when evaluated from some future
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Figure 3.3:
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per specti ve. I f people become nore risk averse as they get ol der, the new
optimal level of job-related risk of death will be |ower. If this

i nconsi stency is recognized, the individual can either retrain for a |ower
risk job or stay in the "high" risk job ("high" relative to what is now

optimal). At some point in tinme the transaction costs of retraining and/or
relocating will be too high relative to the benefits of shifting into an

optimal risk job. Therefore the individual will be forced to stay in a

“high risk" job.

Re-eval uating at the beginning of period two, this new problemis
fornulated as follows:

max E(U ) = (l—nz)Uz(cz) + (l—1r2)(1—7r3)U3(c3)
€20 30 T
subject to WLTH(WZ) - El(l+r) =c, + 6c3

wher e: El = optinmal consunption level from period one derived from
the original nmaximzation problem

The new first order conditions becone:

)
5o = (l=m)U', - & =0 (17)
2

8L (1=m ) (1-T)U', - &) = 0 (18)
3c, 2 3’73

L .y, - (1-ryu, + A (19)

2 3772
awz dnz

Conditions (17) and (18) again inply the standard utility nmaxim zation
conditions put in expected utility terms |ike those derived above.
Rewriting (19) we get:

. (1= YU, + (1-1.) (1-1,)U
\ _ 2’72 2 3’53
WLTH' (7)) = XeE

(19)

Where, once again, WLTH'(m ), describes the slope of the hedonic wage-risk
gradient. Following the same procedure as above to find MvVS, we find that

(1—1r2)U2 + (1—1r2)(1-1r3)U3

MVS, = Y(i=ry) (20)

-~

where WS, is the individual's subjective evaluation of a reduction inm
froma period two perspective. Conditions (19") and (20) inmply that

WLTH' (7,) = MVS, (21)
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The optimal condition for risk in this problem (i.e., when eval uated
at the beginning of period twd) is simlar to that in the above problem
(i.e., when evaluated at the begi nning of period one) in that they both
descri be a tangency between the hedonic gradient and the worker's
indi fference curve. However, the value for MS has now changed.

The fact that living through period one is no |onger uncertain gives
the individual added information (i.e., that = =0). Conparing (20) with
with (15) we see that the difference between themis that condition (15)
has the added term (l-m.), nultiplied to the nunerator. Further, the
value for A is different Because the maximn zation probl em has changed.
Since 0 < (l-r .) <1, the numerator in (20) has increased fromthat in
(15). However, 1the value for 2 in (20) cannot be readily conpared with the

value for X in (15 and, therefore, it cannot be determined fromthe
cal cul us whether the denomnator in (20) has increased or decreased from
that in (15). On the other hand, there is no reason to believe, given

these two changes, that MVS, equals MVS,. |f, however, individuals do in
fact becone nore risk averse as they get:zt ol der MVS, woul d be |l arger than
MVS.. Lf this is the case, the optimal level of Tisk derived at the
beginning of period one is no longer optimal; in fact it is too high.
Conbi ni ng the tangency condition from(21) along with the fact that the
i ndividual's MWS has increased, suggests that their entire preference map
has changed. Specifically, the individual now exhibits nore risk-averse
preferences (i.e., the indifference curves have become nore steep).

Figure 3.4.1 represents this situation. w,is the optimal |evel of
ri sk when the individual eval uates the nmaxi mizati on problemat the
begi nning of petiod 1. #**, «qan the other hand, is the optinal |evel of
ri sk when the individual "re-evaluates the maxim zation problem at the
begi nning of period two. Note that @* is a menber of the old (less risk
averse) preference map while 0** is a nenber of the new (nore risk averse)
preference map.

The costs of retraining for and shifting into a lower risk job are
prohibitively high, the individual is locked into the "high risk" job, #
Since the individual's indifference map is now changed, #% is now
associated with a point on an indifference curve such as G*; in Figure
3.4.2.

*.
2

Figure 3.4.2 shows that the individual would like to be in a job yjth
a risk level #%* which renders a nmaxi num | evel of expected utility, 6.
However, sincezt‘ne person is locked into a job with risk #** this person is
at the sub-optimal level of utility, ©%*, At #** the slopé of the hedonic
wage gradient is less than the slope of the indi?vi dual s indifference curve.
That is, a "wedge" is placed between these two slopes. Therefore, if the
hedoni ¢ approach is used to neasure an individual's MS (as interpreted hy
the slope of the hedonic wage gradient) this approach will underestimte
peoples' true valuations of safety. The difference between these two
sl opes is the anmbunt by which the hedonic approach underestinmates an
i ndividual's MS.
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Figure 3.4.1: Indifference Map Between Wealth and Risk (1)
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3.2 NON-SYMMETRIC CAPI TAL MOBILITY

In the previous two sections a typical intertenporal budget constraint
was enpl oyed wherein the interest rate at which an individual can borrow on
future earnings was identical to the rate earned on savings. Once this
assunption is dropped, however, the results of the npdel presented above
are changed and anot her "wedge" between the slope of the hedonic wage
gradi ent and an individual's MS is rendered.

The budget constraint enployed here takes into account that the
interest rate on borrowed funds, r,, may well differ fromthe rate on
savings, r ; the former taking into account the risk that the individua
may not sutvive to pay back the |oan.

Recal | that the intertenporal budget constraint used above,
re-witten, was in the form

WLTH(w
§

2) C3
= (l + r)cl + C2 + m (22)

If we assune that the real rate of interest which the individual can borrow
on future earnings, r,, differs fromthe real rate of interest on savings,
r equation (21) is modified as

S)
WLTH(TI’Z) c,
3 = (1 + rb)cl + C2 + (l_":? (23)
It will be assumed, however, that there exist some relationship between M
and g and t hat T2 T . Specifically the assunption is made that:
(1 + rb) = y(l + rs) (24)

where 1 < y < o,

In the above life cycle nodel the individual borrows on future
earnings in order to finance consunption during his training period.
Dependi ng on the specific job the individual is training for, the risk
associated with his particular job will affect the probability that he will
live to pay back the loan. Wiile r. is influenced by other job-related
factors, as well as non-job-related “factors, it is reasonable to assume
that r. will increase, ceteris paribus, with the risk level of the job the
indivﬁaal is training for, specifically,

Y = v(m,) (25)
where y' > 0.

Assunming that noney is discounted at the opportunity cost of savings,
equation (22) can now be re-witten as:
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~ ~ 2
WLTH(WZ) = Y(ﬂz)cl + dcz + 6 Cq (26)

where 6§ = |/(1 + r_ ). The individual's beginning of the first period
maxi m zation problgm now becones:

max E(UL)

€12 €22 €30 Ty

. -~ _ o 2
subject to: WLTH(nZ) = y(Trz)cl + dcz + § c3

Fromthe first order conditions the optimal |evel of job-related risk is
described by the condition:

WLTH'(WZ) = MVS, - Y'c1 (27)

where again the left hand side of (27) is the slope of the hedonic wage
gradi ent.

From equation (27) it is clear that the rate of which the narket
conpensates the worker does not equal his subjective WS specifically,
WLTH'(m) < MMS.. _Therefore in this situation hedonic wage-risk studies
woul d underestimate workers' true evaluations of risk reduction.

3.3 HEDONI C ESTI MATES AND WIP VS. WA

The theoretical nodel presented above offers two reasons why one m ght
expect, a priori, hedonic estimtes of valuations of an expected |life saved
to underestinmate the "true" subjective MVS neasure. This hypothesis is
tested in Chapter 5. Further the theoretical results in Section 2.4
suggest anot her testable hypothesis that WA neasures shoul d exceed WP
neasures of the MWS: The difference being explained by individual's
conservative tendency to overestimate losses in wealth and underestinate
gains in wealth

These two theoretical results are brought together here and are shown
in Figure 3.5. This figure shows the hedonic wage gradient, WLTH(r,), as
intersecting the worker-consunmer's indifference curve, ABC as sugges%ed by
the results in Sections 3.1 and 3.2. For illustrative purposes, the curve
ABC has been linearized about the initial (optimal) levels of job-related
risk of death and wealth, #%* and W.TH* respectively. Simlar to the curve
ABC has a steep segnent, 2BC (which corresponds to the individual
underestinating gains in wealth), and a flat segment, AB (which corresponds
to the individual overestimating losses in wealth). Further, the slope of
AB, MVS , corresponds to the subjective MS for a reduction in periog_two's
job-related risk of death (i.e., WP) while the slope of BC, WS,
corresponds to the subjective WS for an increase in such risk (i.e., WA).
This figure suggests that, while estinates from hedonic wage-risk studies
underestimate an individual's true WS (since WS' 7 MVS 7 WLTH' (% 5),
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these studies may yield estimates which are statistically simlar for WP

nmeasures (since MvS - WLTH'(%%) is relatively small). On the other hand
one woul d expect hedoni'c estimates to grossly underestimte true WA
measures of the MVS (since MVS - WLTH'("I\TE) is relatively large). These

hypot heses are tested in Chapter 5.
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CHAPTER 4
SURVEY METHODOLOGY

4.1 OVERVI EW

The data analyzed in this report are drawn froma national nmil survey
conducted in the sumrer of 1984. The data coll ected neasure

(1) individual perceptions of respondents job-related
ri sk of death,

(2) wllingness to pay and willingness to accept neasures for
hypot heti cal changes in these risks (i.e., the contingent
val uation), and

(3) all socio-econom c earnings, hours, work place, and human
capital characteristics needed for estimating a hedonic wage
equati on.

The intertenporal expected utility nodel devel oped in chapter three would
suggest that the market does not correctly conpensate individuals for the
risk they face on the job. Hence, the hypothesis is that standard hedonic
wage-ri sk nodels fail to accurately neasure margi nal value of safety. A
conparison of the contingent valuation method for measuring narginal val ue
of safety with the hedonic wage equation derived from the sane subjects
provides a test for this hypothesis.

The decision to conduct a mail survey (rather than face-to-face
interviews) was determined primarily by cost. The mail survey is |ess
expensive by at |east a factor of ten, however, there are difficulties
associated with nmail surveys. The type of information required for this
study is difficult for the respondent to fully understand, and the quantity
of information needed was | arge. Both of these factors would tend to

decrease response rates and the reliability of responses. For these
reasons every possible effort was nade to inplenment the best possible
survey techniques to mninze these effects. In fact, a secondary

objective of this study is to test whether conplex data of this type can be
obtained via a mail survey.

Since both willingness to pay and willingness to accept neasures of
i ndividuals' nmarginal values of safety were sought, two fornms of the
questionnaire were devel oped. These two forms were identical except for
the one contingent valuation question, and the |anguage used to ask these
two questions were nade as simlar as possible. Both fornms of this
question are presented in Appendix A
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The total design nethod for mail surveys, as discussed in DIl nman
(1978), was used for this study. This nethod includes the design of the
guestionnaire, the procedures for mailing the questionnaires, and al
foll owup procedures. Dr. Dillman served as a consultant to this project
to further insure quality survey technique.

4.2 QUESTI ONNAI RE DEVELOPMENT

The form of the questionnaire is of critical inportance in any nai
survey. It nust be attractive in appearance, the information needed by the
respondents nmust be clearly worded, the questions and response categories
must be clearly stated, and there should be a natural flow which encourages
the respondent to conplete all the questions. Mst of all, the questions
must be carefully worded to avoid any bias in response. The length of the
guestionnaire is also inportant; and any nore than ten pages often results
in significant reduction in response rates.

A complete list of information required for the study objectives was
conpi led, and tentative question formats were prepared. In this process,
the researchers were guided by an extensive review of the literature and
ot her surveys dealing with estimating the margi nal value of safety. A
mexi mum | ength of ten pages was set. Several revisions of the individua
guestions and order of questions were made. General principles guiding
this devel opnent include:

0 The early questions should be sinple, applicable to al
respondents, interesting, and a sense of neutrality should be
conveyed

) Questions should be ordered along a descending gradi ent of
i nportance, and questions with sinilar content should be grouped
t oget her

o Questions which might be objectionable to nost respondents shoul d

be placed after |ess objectionable ones.

The questionnaire formwas a booklet made from 8%" x 12%" sheets. The

cover contained the study title, a graphic illustration related to risk
nane and address of study group, and directions as to who should answer the
questionnaire. The back page had only an invitation for additional

comments, a thank you, and an offer to send results of the study. Lower
case letters were reserved for questions and upper case for answers.
Answer categories were identified on the left with nunbers, and a vertica
flow was established throughout. Sone graphics were used to explain
concepts, such as risk of death, and to identify question flow

Three methods were used to pretest the questionnaire. The purpose of
the pretesting was to uncover any problens in wording or format that woul d
be difficult for the respondent to understand or would result in bias in
the answer. The first pretest involved several persons on the University
of Womni ng canpus know edgeabl e about survey design and/or the area of
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risk, for example the University safety officer conpleted the questionnaire
and made comnments relative to wording and conpl eteness. The second pretest
i nvol ved 30 University enployees in buildings and grounds. Thei r
occupations were in construction, clerical, mechanics, grounds keepers, and
mai nt enance. The final pretest involved mailing 250 questionnaires to 250
househol ds randomy selected fromthe Denver, Colorado Springs, and Pueblo
phone books. Researchers pursuing other related research projects funded
by current USEPA cooperative agreenments also reviewed the questionnaire.
Responses to questions and comments made on all three of these pretests
were incorporated into the final formof the questionnaire.

Dr. Don Dillman, acknow edged expert on sanple survey design and
founder of the total design method, was enployed as consultant to review
the questionnaire. This review resulted in a nunmber of inprovements in the
form particularly in terns of the graphics used and explanation of risk
concepts. Copies of the final questionnaire formare found in Appendix A

4.3 SAVPLE DESI GN

Two conditions inposed on the sanple design were that: (1) it be
national in scope and (2) efforts be made to insure adequate response in
the high risk categories. It was also recognized that persons unenpl oyed

retired, part-tinme worker only, self-enployed, or for whom a substantia
portion of their income was made up of governnent assistance would not be
useful respondents. (This point is treated nmore fully in Chapter 5).
Therefore, sone deliberate over sanpling was required to insure an adequate
nunber of useable responses.

The first conmponent of the sanple consisted of a sinple random sanple
of 3,000 households fromthe entire United States. The second conponent
was nore conplex. Four regions, Northeast, South, Wst, and North Centra
were identified. States within each of the four regions that were known to
have concentrations of high risk industries (lunmbering, mning, oil, stee
mlls, construction, heavy industry, etc.) were selected. Wthin these
states, counties with highest concentrations of these industries were
selected (a total of 105 counties). Finally, 750 househol ds were randony
drawn from the selected counties in each of the four regions. Thus, the
second part of the sanple consisted of 3,000 househol ds randomy selected
from 105 counties known to have high concentrations of high risk
i ndustries. Tables 4.2 and 4.3 contain a summary conparison of the
denogr aphi c characteristics of these two sanples.

The actual sanple was generated by Survey Sanpling, Inc., 180 Post
Road East, Westport, CT 06880. This firm maintains and regularly updates
comput er tapes of census data, and they have the capability of generating
random sanples froma w de variety of specifications. In particular, they
were able to generate one national random sanple of size 3,000, and random
sampl es of size 750 each fromthe four lists of counties we provided.
Their updating of files is such that they guarantee |ess than 15 percent of
t he addresses undeliverable. In our study, that figure was about 12
percent .
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4.4 SURVEY PROCEDURES

On Monday, July 9, all 6,000 households in the sanple were mailed a
cover letter, a copy of the questionnaire, and a stamped return envel ope.
The cover letters were individually addressed, typed on nonarch stationery,
and hand-signed in blue ink. This letter was designed to explain the
nature and useful ness of the study, that all respondents are inportant, and
to assure confidentiality (see copy in Appendix B). An identification
number was stanped on each questionnaire for followup procedures. Each of
the two sanples of 3,000 were ordered by zip code. WIIlingness to pay and
willingness to accept questionnaires were alternated through the sanples.

Ei ght days after the initial nailing, July 16, post cards were sent to
all persons in the sanmple. The first follow up was designed as a thank you
and a renminder, the post card included the nail-out date and an individua
signature in blue ink of the project director. The person's name and
address was typed on the card as opposed to mailing |abels. A copy of the
post card is given in Appendix C.

Twenty-two days after the original nail-out, July 30, a second
foll owup consisting of a replacenent questionnaire, a stanmped return
envel ope, and a cover letter were sent to everyone who had not yet
responded. This cover letter, also individually typed and signed, was
designed to encourage the respondent to conplete and return the
questionnaire (see copy in Appendix D). No further follow ups were planned
or inplenented, however, the total design nmethod does include one nore by
certified mail or phone

4.5 RESPONSE RATES

O the 6,000 questionnaires mailed, 749 (12.5 percent) were returned
by the post office as undeliverable. A total of 2,103 were returned
conplete for a response rate of 40 percent of delivered or 35 percent of
total mailed. O these returns, only 1,231 were enployed and therefore
useable in this study. Thus the actual useable returns are only 20.5
percent of the original mailing, or 23.4 percent of those delivered.
Figure 4.1 is a graphical display of the responses by tine fromthe first
mai | i ng

The notivation for splitting the sanple was to obtain nore responses
fromindividuals in high risk jobs. Table 4.1 gives the numbers in each
(perceived) risk category for the two sanples. The sanple from sel ected

counties did in fact have significantly nmore (o = .037) respondents in
hi gher risk categories, however the difference in actual nunbers is not
great. For exanple, there were only 31 nore respondents from the random

sanmpl e of selected counties in the risk categories 6 through 10 as conpared
to the sinple randomsanple. This is a difference of 15 percent conpared
to 9.5 percent.

Table 4.2 contains a conparison of job related characteristics between
the national random sanple and the random sanple drawn from sel ected
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TABLE 4. 1.

LEVEL OF RI SK

Sampl e Type 12 3

Tot al

Nat i onal Random 285 72

Random from

Sel ected Counties 244 81 71

Tot al 529 1583

58

36

129

572

575

1147

Nunber of missing values = 71
Conpl eted returns not in this run

= 84.
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counties. The p values listed are for the tests of the null hypothesis
that the two popul ations are the sane. None of these job characteristics
were significantly different at the .05 level of significance. The three
that were significant at the . 10 level were the level education required
for the job, whether or not special training was needed, and the type of
special training needed. It was interesting that occupation classification
was not significantly different even though that characteristic is nore
directly related to the selection of counties.

Table 4.3 contains a simlar conparison for personal characteristics
of the respondents. The only two that show significant differences were
type of living area and type of work area. This is to be expected since
property is directly related to the counties selected and the fact that
sanmpl es of equal size were drawn fromthe four regions of the United
States. None of the other personal characteristics were anywhere near
significant.

The simlarity of the two sanples with respect to denographic
characteristics would tend to indicate that weighted regression estimates
will be alnpst identical to unweighted. Further analysis will be conpleted
using wei ghted regressions to either confirmor contradict this statement,
and these results will appear in the final draft. Further analysis wll
al so consider regional differences in the wage equation as well as the
i npact of air pollution neasures.

The actual cost for conpleting the data collection for this study was
approxi mately $14.00 per conpleted questionnaire, or nearly five dollars
for each sanpl ed househol d. This figure does not include the time oOf
principal investigators directly related to the questionnaire design, the
sanpl e design, and data preparation. It also does not include such
activities as the theoretical formulation of the problem the analysis and
interpretation of the data, and the witing of reports and research papers.
Face-to-face interviews for a study of this type would likely be in excess
of $100.00 per conpleted interview, exclusive of transportation costs which
woul d be enornous for a national sanple.
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TABLE 4.2: COWPARI SON OF JOB CHARACTERI STICS FOR
NATI ONAL AND SELECTED COUNTI ES RANDOM

SAMPLES
Nat i onal Sel ect ed
Characteristics Random Sanpl e Random Sanpl e p val ue
Qccupation Type
Service Worker 8.7 8.0 . 286
Laborer 6.6 8.7
Transportation Operator 3.3 4.8
Equi prent  Oper at or 4.2 5.8
Craft Worker 15.5 16.6
Cerical Wrker 6.1 5.3
Sal es Worker 6.3 7.3
Manager or Admi nistrator 16.3 12.8
Pr of essi onal or Techni cal 31.1 29.9
Far mwor ker 1.9
Education Required for the Job
0-8 G ades 4.9 4.5 0.63
6-9 Grades; Finish Gade
School 1.4 2.1
9-11 Grades; Sone High
School 4.5 6.3
12 Grades; Finish High
School 31.6 34.1
Some Col | ege, No Degree
Necessary 19. 4 19.3
Col | ege Degree; BA or BS 25.9 18.1
Some Graduate Work 3.3 4.7
Advanced Col | ege Degree
or Professional Degree 8.9 11.0
Speci al Training Needed for the Job:
Yes 80.6 84.8 0.61
No 19.4 15.2
Type of Training Needed for the Job:
None 17.1 15.1 . 097
Apprenticeship 5.0 7.4
Vocational Trade School 3.2 2.9
On- The-Job Trai ni ng 29.3 30.6
Wor k Experience from
Anot her Job 22.9 17.6
O her 22.6 26.3
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Tabl e 4.2, continued

Nat i onal Sel ect ed
Characteristics Random Sanpl e Random Sanpl e p val ue

Type of Enploynent:
Sel f Enpl oyed 15.9 16.5 . 626
Gover nment 17.0 17.9
O her 67.1 65.6
Do You Supervise O hers:
Yes 59.4 60. 4 . 719
No 40.6 39.6
I's Your Job Covered by a Union Contract
Yes (Menber) 24.7 30.5
Yes (Not Menber) 4.9 5.8
No 70.5 63.7
Wy Pai d:
Sal ary 50. 8 46.9 . 296
Hourly Wage 37.2 41.7
O her 12.0 11.4
Nunber of Years Training

Needed 3.32 3.51 .399
Years Worked for Current

Enpl oyer 11. 39 12.09 . 231
Years this Type of Wrk 13.18 13.79 . 320
Nunber Enpl oyed where

You Work 669. 41 588. 93 . 355
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TABLE 4.3: COWVPARI SON OF PERSONAL CHARACTERI STI CS FOR NATI ONAL
AND SELECTED COUNTI ES RANDOM SAMPLES

Nat i onal Sel ected
Characteristics Random Sanpl e Random Sanpl e p val ue

Sex:
Mal e 82.7 85.2 . 249
Fenal e 17.3 14.8
Race
Wi te 93.2 95. 4
Nonwhi t e 6.8 4.6
Educati on:
0-5 G ades ) .5 . 387
6-8 Grades; Finished Gade

School 1.7 3.6
9-11 G ades; Some High

School 4.2 5.1
12 G ades; Finished High

School 9.6 20.9
Trade School 8.8 6.3
Some Col | ege 24. 3 25.1
Col | ege Degree; BA or BS 19.2 16. 2
Sone Graduate Work 7.5 7.5
Advanced Col | ege Degree

or Professional Degree

Living Area Type
Rur al 26.0 34.7 . 005
Subur ban 56.0 49. 8
Central City 18.0 15.5
Wrk Area Type
Rur al 21.8 31.0 . 001
Subur ban 38.0 36.1
Central Gty 40. 2 32.9
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Table 4.3, continued

Nat i onal Sel ect ed

Characteristics Random Sanpl e Random Sanpl e p val ue
Vet er an:
Yes 39.0 38.3 . 802
No 61.0 61.7
Age:
Mean 42.15 42. 60 . 533
Years Worked Since 18:
Full or Part Tine 22.49 22.72 . 739
Full Tine 20.91 21.13 . 759
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CHAPTER 5

EMPI R CAL MARG NAL VALUE OF SAFETY ESTI MATES

Enpirical estimates of the marginal value of safety (MWS) from both
hedoni ¢ studies and contingent valuation studies have been sunmmarized in
the economcs literature (e.g. Violette and Chestnut, 1983). As a result,
there may be a natural inclination to conpare the safety valuations inplied
by these two net hods. However, the MS estimates from studies which
utilize the hedonic technique are not directly conparable to those derived
from contingent valuation studies prinmarily because different measures of
risk, as well as different types of risk, are enployed. As a result the
two approaches can not be directly conpared.

In Chapter 4 a particular survey design was described whose goal was
to directly conpare the hedonic and contingent val uati on approaches.
Informati on was obtained from each respondent which rendered two separate
WS estimates: one from an estimated hedonic wage-risk equation and
anot her through a contingent valuation process. Since both procedures
utilized the sane risk neasure (perceived job-related risk of death and
data set, some insight on how one technique conpares to the other can be
drawn.  Moreover, since each respondent was directly asked the perceptions
of his specific occupation, the type of error in variables problens
mentioned in chapter two are presunmed to be circunvented.

The remai nder of this chapter is organized as follows: in Section 5.1
t he hedonic wage equation to be estimated is specified with the enpirica
results reported in Section 5.2. Section 5.3 conpares the MWS neasures
obtained from both the hedonic wage equation and the contingent valuation
with the resulting inplications and conclusions in Section 5.4,

5.1 SPECI FI CATION OF THE WAGE EQUATI ON

The general form of the hedonic wage equation considered here is based
on that used by Gerking and Weirick (1983) and is in the followi ng form

LWAGE = f(H, P, W (1)

where LWAGE denotes the natural l|ogarithm of the wage rate paid, H denotes
a vector of human capital variables, P denotes a vector of persona
characteristics, and W denotes a vector of work environnental variables.
The natural logarithm of the wage rate is enployed in order to conpensate
for the non-normal distribution of income. By forcing the distribution of
i ncone to be roughly normal, equation (1) can be estimated via an ordinary
| east squares (COLS) procedure. Further, the vectors H P. and Wpertain to
the household head, and his or her primary job in 1983, fromfanilies
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across the entire United States. Further, the wage rate paid, WAGE, was
adj usted for regional price differences.

Wthin equation (1) the vector H neasures: (1) the highest level of
formal schooling conpleted (CED), (2) years worked in the present
occupation (YWD, (3) years of full time work experience (VEXP), and (4)
years worked for present enployer (YREWP).

Personal characteristics, P, are described by neasurements on : (1)
age (AGE), (2) race (RACE), (3) sex (SEX), (4) physical linmtations or
disabilities (PHYS), (5) whether or not the household head has nmoved in the
last three years (MOVE), and (6) whether or not the individual lives in a
rural area (LIVEA)

The vector W neasures: (1) the individual's perceived |evel of
job-related risk (RISK), (2) the highest |evel of formal schooling required
to work on the present job (RED), (3) the number of people the individua
supervises (SUP), (4) whether or not the individual works in the public
sector (PUB), (5) whether or not sone work experience or special training
is required to get a job like the present one (REXP), (6) union menbership
(UNl'), (7) years required for the average new person to beconme fully
qualified in the head's present job (QUAL), (8) the type of occupation the
individual is enployed in (OCC), (9) mles traveled fromthe head's hone to
his job (DI ST), (10) whether or not the job is located in a rural area
(JOBA), and (11) the number of people enployed at the head's work (NUM.

While the variables contained in vectors H P, and Ware expected to
explain variations in the wage rate, cross effects between some variabl es
m ght al so be expected to be significant. Since this research effort
concentrates on risk, the following cross terns are anal yzed: (1) risk
with age (RXAGE), (2) risk with union status (RXUNI), (3) risk with sex
(RXSEX), and (4) risk with race (RXRACE)

Simlar cross terns to those described above have been enpl oyed in
ot her hedoni ¢ wage-risk studies (e.g., Thaler and Rosen, 1975; Viscusi
1978a; O son, 1981). In this study, both RXSEX and RXRACE were continually
found to be highly insignificant; therefore, only RXAGE and RXUNI were
included in the final estinmate wage equation

Exact descriptions for these data are contained in Table 5.1 with
their sample nmeans reported in Table 5.2. Further, all the variabl es above
were obtained fromthe survey described in chapter four (see Appendix A).

Before equation (1) was estinmated, a few theoretical problens in using
the conplete data set had to be addressed. Gerking and Weirick (1983) note
t hat househol ds which receive a significant percentage of their income in
the form of transfer payments face non-convex budget constraints. To
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TABLE 5.1
VARI ABLE DEFI NI TI ONS
DEPENDENT VARI ABLE !
WAGE = (Head's average hourly wage rate fromprimary job)

LWAGE = In (\WAGE)

HUVAN CAPI TAL VARI ABLES

CEDL = 1 if (CED) = 0 to 5 grades, otherwise = 0

CED2 = 1 if (CED) = finished grade school, otherwise = 0

CED3 = 1 if (CED) = some high school, otherwise = 0

CED4 = 1 if (CED) = finished high school, otherwise = 0

CED5 = 1 if (CED) = finished high school and some trade school,
otherwise = 0

CED6 = 1 if (CED) = sone college, otherwise = 0

CED7 = 1 if (CED) = college degree; BA or BS, otherwise = 0

LEDB = 1 if (CED) = some graduate work, otherw se = 0.2

YW = (Years worked in present occupation)

VEXP = (Years of full time work experience)

YREMP = (Years worked for present enployer)

PERSONAL CHARACTERI STI C VARI ABLES

AGE = (Age in years)

RACE = 1 if white, otherwise =0

SEX = 1 if male, otherwise =0

PHYS = 1 the individual has any physical or nervous conditions that
would limt the type or anount of work he could do, otherw se
=0

MOWE = 1 if the individual has nmoved in the last three years,
otherwise = 0

LIVEA = 1 if the individual lives in a rural area, otherwise = 0

(continued)
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Table 5.1 (continued)

D. WORK ENVI RONVENT VARI ABLES

RISK = (the individuals perceived |level of job-related risk of death)
Ri sk takes on an integer value from1l (one job-related death
per year per 4,000 workers in the individual's occupation) to
10 (ten job-related deaths per year per 4,000)

RED1 = 1 if (RED) = 1 to 8 grades, otherwise = 0

RED2 = 1 if (RED) = finish grade school, otherwise = 0

RED3 = 1 if (RED) = sone high school, otherwise =0

RED4 = 1 if (RED) = some college; no degree necessary, otherwise = 0

RED5 = 1 if (RED) = some college; no degree necessary, otherwise = 0

RED6 = 1 if (RED) = college degree; BA or BS, otherwise = 0

RED7 = 1 if (RED) = some graduate work, otherw se = 0.3

SUP = (the nunber of people the individual supervises)

PUB =1 if the individual is enployed in the public section,
otherwise = 0

REXP = 1 if sonme work experience or special training is required to
get a job like the individual's, otherwise = 0

U\l =1 if the individual has a union contract, otherwise = 0

QUAL = (the number of years it woul d take the average person to
become fully trained and qualified on the present job)

OCCl = 1 if (OCC) = service worker, otherwise =0

oCcCc2 = 1if (0CC) = laborer, otherwise =0

OCC3 = 1 if OCC = transportation operator, otherwise = 0

occ4 = 1if (OCC = equipnent operator, otherwise =0

OCC5 = 1if (OCC) = craft worker, otherwise = 0

OCC6 = 1 if (OCC) = clerical worker, otherwise =0

OoCcC7 = 1if (OCC) = sales worker, otherwise =0
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Table 5.1 (continued)

OCC8 = 1 if (OCC) = nmanager or administrator, otherw se = 04
oCc9 = 1if (0CC) - farmer, otherwise = 0

NUM = (the nunber of people enployed at the head's workplace)
DIST = (the miles fromthe individual's home to his work)

JOBA =1if the job is located in a rural area, otherwise = 0
E. CROSS TERVS

RXUNI

(RISK) x (UNI)

RXAGE (RISK) x (AGE)
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TABLE 5.2: MEANS AND STANDARD DEVI ATI ONS OF VARI ABLES MEASURED

Variabl e Mean Standard Error
LWAGE 2.411 017
CEDL . 007 . 003
CED2 . 020 . 005
CED3 . 048 . 007
CED4 . 213 .014
CED5 . 076 . 009
CED6 . 244 . 015
CED7 . 183 .014
YWO 12.509 . 336
VEEXP 20. 650 412
YREMP 11.838 341
AGE 41. 595 . 403
RACE . 945 . 008
SEX . 837 .013
PHYS . 115 .014
MOVE . 220 . 015
LI VEA . 331 . 016
Rl SK 2.605 . 075
RED1 . 029 . 006
RED2 .010 . 003
RED3 . 050 . 008
RED4 . 362 .017
RED5 .191 .014
RED6 . 227 . 015
RED/ . 042 . 007
SUP 13. 637 2.606
PUB 212 .014
REXP . 839 . 013
UNL . 390 017
QUAL 3.215 .115
ocCl .001 . 010
oce2 . 069 . 009
ocCc3 . 037 . 007
occ4 . 059 . 008
0603} . 164 . 013
0607} . 058 . 008
ocCr . 050 . 008
000:} . 150 .013
080} . 004 . 002
DI ST 11. 625 470
JOBA . 246 . 015
RXUNI . 255 . 054
RXAGE -23.537 114. 096
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circunmvent this problem those household heads which received nore than 20
percent of their total incone fromtransfer paynments were elinmnated from
the sanple. Further, Gerking and Wirick state that "casual workers

may be out of equilibrium because their asking wage may exceed their
offered wage." In light of this potential problem those househol d heads
who worked |less than 1,250 hours in 1983 were also elimnated fromthe
sanpl e.

In addition to these two sets of exclusions, individuals who were
sel f-enpl oyed were also elininated fromthe data set. The justification
for this centers around the difficulty these individuals mght have in
estimating their total nunmber of 1983 working hours. Wthout a reliable
neasure for hours, an accurate wage rate cannot be inputed for those who
are self-enpl oyed

As is usually the case with large data sets, mssing val ues were
present in the original data. A reasonable nmethod commonly enployed in
econonetric studies is to assign neans (for continuous variabl es) and nodes
(for discrete variables) in situations where an observation on a particular
variable is mssing. This nethod was enployed in this study except for the
risk, wage, and occupation variables. Since an individual's wage rate is
the variable which equation (1) is attenpting to explain, it was felt that
substituting the nmean for WAGE in situations where this variable was
m ssing woul d be inappropriate. Consequently, individuals who did not
report their 1983 wage were elimnated fromthe data set.

Wth respect to risk, another method was enployed to deal with m ssing
values. This procedure entailed regressing perceived risk on occupation
for the subset of total respondents who gave information on these two
variables. Then, this regression equation was utilized for the purpose of
predi cting a perceived risk measure for those individuals who did not
report such a neasure. By doing this, it was felt that a nore accurate
representation of their perceived risk would be rendered than if nmerely the
mean of RISK was used. O course for the few people who did not report an
occupation (this amounted to 12 observations) this could not be done;
therefore, these observations were elinmnated fromthe data set.

Wth respect to the variables in which a nean or node was assigned to
a mssing value, the total nunber of these cases was not significant.
Dependi ng on the particular variable, and after the above sets of
exclusions were made, missing values ranged fromOQ to 20. Further, after
the above sets of exclusions were nade, the data set was reduced from 1, 351
observations originally available fromthe survey to 888. Therefore, at
worst, the number of missing values for any specific variable amunted to
only 2 percent of the final data set.

5.2 EMPI RI CAL ESTI MATES
The exact specification of equation (1) is shown in Table 5.3 along
with the resulting ordinary |east squares (OLS) estimates. Because the

dependent variable is in logarithmc form the coefficients are interpreted
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TABLE 5.3: REGRESSI ON RESULTS

Dependent Vari abl e: LWAGE

Nunber of CObservations: 888

Sum of Squared Residual s: 105. 54

R- Squar ed: . 495

Adj usted R-Squared: . 464

Expl anatory Variabl e Coefficient Standard Error t-Statistic

CED1 -.277 E-0 .166 E-0 -1. 665
CED2 -.342 E-0O .115 E-0 -2.951
CED3 -.264 E-0 .852 E-1 -3.101
CED4 -.204 E-O .653 E-1 -3.129
CEDS -.153 E-0 L1721 E-1 -2.116
CED6 -.129 E-0 .608 E-1 -2.138
CED7 -.631 E-1 .564 E-1 -1.118
CED8 .115 E-0 .659 E-1 1. 750
YWO .369 E-2 .274 E-2 1. 346
YWOr * 2 -.318 E-3 . 158 E-3 -2.022
VEEXP .106 E-1 .310 E-2 3.403
VEXP* * 2 -.189 E-3 .786 E-4 -2.411
YREMP .103 E-1 .229 E-2 4. 462
YRENP* * 2 -.187 E-3 . 126 E-3 -1.485
AGE -.518 E-2 .298 E-2 -1.740
RACE .577 E-1 .577 E-1 1.115
SEX 177 E-0 .375 E-1 4.725
PHYS -.474 E-1 .313 E-1 -1.512
MOVE -.592 E-1 .316 E-1 -1.875
LI VEA -.885 E-1 .301 E-1 -2.946
Rl SK .756 E-1 .270 E-1 2.799
Rl SK**2 -.667 E-2 .259 E-2 -2.577
RXAGE -. 147 E-2 .579 E-3 -2.542
RXUNI .273 E-1 2119 E-1 2.287
RED 1 -.323 E-0 .107 E-0 -3.004
RED2 -.274 E-0 .139 E-0 -1. 966
RED3 -.276 E-0 .912 E-1 -3.030
RED4 -.228 E-0 .745 E-1 -3.025
RED5 -.202 E-0 .712 E-1 -2.836
RED6 -.879 E-1 .614 E-1 -1.434
RED 7 -.162 E-1 .814 E-1 -1.993

(continued)
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Table 5.3 (continued)

Expl anatory Vari abl e Coefficient Standard Error t-Statistic
SUP .353 E-3 .174 E-3 2.027
PUB -.502 E-1 .328 E-1 -1.529
REXP . 745 E-1 .356 E-1 2.090
UNI .867 E-1 .293 E-1 2. 965
NUM .189 E-4 .835 E-5 2. 259
QUAL .184 E-1 .434 E-2 4. 240
OCCL -.194 E-0 .556 E-1 -3.491
occ2 -.261 E-1 .643 E-1 - . 406
OCC3 -.10l E-0 .781 E-1 -1.295
occA -.619 E-1 .659 E-1 - .941
0OCC5 -.104 E-0 .496 E-1 -2.098
OCC6 -.149 E-0 .647 E-1 -2.303
(0607 -.974 E-1 .594 E-1 -1. 640
060] .332 E-1 .407 E-1 . 813
060 -.549 E-0 .186 E-0 -2.957
DI ST .275 E-2 .950 E-3 2. 895
JOBA -.660 E-1 .321 E-1 -2. 057
CONSTANT . 244 E+1 .166 E-0 14.745
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in percentage terns. For exanple, the coefficient on YREMP suggests that
for an additional year of seniority, an individual is rewarded with a one
percent increase in his wage rate. It should be noted, however, that the
coefficients on the dummy variables lack this straightforward
interpretation.

As described in Chapter 4 the data were nade up of two separate sanple
spaces, both being random Therefore, a chowtest was constructed in order
to see if the two sanples could be pooled. The results of this test are
shown in Table 5.4. E., denotes the statistics fromestinating equation (1)
and using the national™ sanple; E, using the selected, high risk, counties
sanple; and E, using both sanplés. The conputed F-statistic was .95,
suggesting that the two sanples could be pool ed.

The results in Table 5.3 show that the estimated coefficients have the

signs one woul d expect and nost are significant. For exanple, individuals
who live or work in rural areas or who work in the public sector receive a
| ower wage rate, ceteris paribus - as suggested by the negative

coefficients on LIVEA, JOBA, and PUB respectively. The positive
coefficients on WEXP and QUAL suggest, respectively, that those individuals
with relatively nore years of full-time work experience, or for jobs which
require relatively nore time for the average person to becone fully
qualified, wage rates are higher. The negative coefficients on YWD**2,
YREMP**2 and WEXP**2 denote that there exists dimnishing returns to
occupational experience, seniority, and full-time work experience
Further, the coefficients on REDL through RED2 illustrate that as |ess
formal schooling is required for an occupation, wages are penalized at an
increasing rate

Such influences on wages are typically included in wage equations.
However, since the goal of this research is to derive a marginal value of
safety, the risk variables are of prinmary concern. The vari abl es of
interest are, therefore, RISK RISK**2, RXAGE, and RXUN .

Thal er and Rosen (1975) were the first to note the positive
rel ati onship between risk and wages; that is:

dWAGE
3RISK = © (2)
To derive an expression |ike equation (2) consider the follow ng
representation of the above estimated hedonic wage equation

LWAGE = ao + aZ + B, RISK + BZ(RISK)Z + B,RXAGE + B, RXUNI (3)
where Z = a vector containing all other variables specified in equation
(1). Exponentiating both sides of (3) and then differentiating with
respect to risk yields:

dWAGE
dRISK

= (Bl + 82°2°RISK + B3AGE + BAUNI)WAGE (4)
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TABLE 5.4:  STATI STICS FOR CHOWM TEST
| ndependent Sum of Squared Degrees of
Equati on Vari abl es Resi dual s Freedom
E; 48 45. 092 400
E, 48 54. 536 391
Ex 48 105. 544 839
Computed F-statistic: .95
Critical 1.59
Critical 1.39
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Equation (4) suggests that narket risk prem um depends on: (1) the
initial levels of risk and wages, (2) age, and (3) union status.
Therefore, in order to test the significance of risk in the hedonic wage
equation one must | ook at the conbined significance of the variables Rl SK
RI SK**2,  RXAGE, and RXUNI. RXAGE and RXUNI are significant at the .99
| evel of confidence while RISK and RISK**2 are significant at the .98 |eve
of confidence respectively. Therefore, it is concluded that the market
does in fact grant a prem um based on perceived job-related risk of death.
Further, due to the inclusion of occupational dunmies in (1) a convincing
argunment could not be made that RISK is actually a proxy neasure for other
occupational characteristics - one of which may be risk. OCC accounts for
ot her occupational characteristics not specified in (1). Therefore, it is
concluded that the survey instrunent did in fact measure individuals'
perceptions of job-related risk of death as neasured by RISK

The positive sign on RXUNI suggests that union menbers get a larger
risk premiumthan do their non-union counter parts. Three explanations for
this result are offered. First, Thaler and Rosen suggest that "the |ack of
free entry into [union] markets renders the typical union menber nore risk
averse than would be true in free narkets, forcing firns to pay higher risk
premuns in order to entice unwilling union menbers to work on the riskier

jobs.” Another explanation is that unions may supply their workers wth
additional information regarding risk (O son, 1981). This would affect
ri sk-perceptions. If workers in relatively high risk jobs under perceive

job-related risk, due to such psychol ogical factors as risk denial or
cogni tive dissonance, the added infornation granted to union workers may
adj ust their perceptions upwards rendering a larger risk prem um denand
Finally, the stronger bargaining power of unions may enable themto receive
larger premiums in general - including a premum on risk.

The negative sign on RXAGE may be attributed to the fact that younger
wor kers, al though |acking the caution and experience of their ol der
co-workers, have "superior reflexes and recuperative ability" (Thaler and
Rosen, p.295). As a result they may be nore productive in riskier
situations which would render a higher wage rate.

The decision to include variables RISK, RISK**2, RXAGE, and RXUNI in
equation (3) was based on econonic theory which suggests that the margina
val ue of safety is dependent on initial levels of risk and wealth, age, and
union status. However, it should be pointed out that when RI SK**2, RXAGE
and RXUNI were left out of equation (3), the variable RISK faired well by
itself. In this situation, the coefficient on RISK was .013 with a
t-statistic of 2.5.

The fact that the above cross ternms in equation (3) are significant
suggests that different risk prem unms, according to personal and work
environment characteristics, appear in the market. Further, an
individual's MWS will also depend on his personal characteristics. In the
next section the inplied MS relationship from the above hedonic equation
is derived and conpared to the M/S neasures obtained from the contingent
val uati on approach used in the survey.
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5.3 THE ESTI MATED WS MEASURES

Equation (4) specifies the slope of the hedonic wage-risk equation.
In order to interpret (4) as the marginal value of safety, the follow ng
nodi fications nust be nade for unit consistency and in order to render an
MS termwhich is neasured in dollars per expected death. First, because R
is in terns of deaths per year while Wis in terns of dollars per hour,
both sides of (4) nust be multiplied by total hours per year worked, H In
this fashion, for example, (5) will be transforned in (6)

W (dollars/hour) :
3R (deaths/year) (5)

dW (dollars/hour) (hours) _ W (dollars) 6
3R (deaths/year) ° ‘year 3R (deaths) (6)

Further, since the unit change in deaths is one out of every 4,000 workers
enpl oyed in the given occupation (6) is actually:

dW(dollars) ;
3R(death/4,000) (7

After being multiplied by 4,000, equation (6) will be in terns of
dol | ars per death; or

dW(dollars)
dR(death/4,000)

aW(dollars
3R(death)

(4,000) =

Therefore, in order to interpret (4) as a WS neasure both sides nust
be multiplied by 4000 | H In doing this, and utilizing the assunptions
made by hedonic studies (specifically that the hedonic wage-risk gradient
is formed by a locus of tangencies to the worker-consumer' indifference
curves), it can be concluded that:

MVS = (81 + BZZRISK + B3AGE BAUNI)WAGE(lfOOOH) (8)
Notice that this specification suggests that an individual's M/S depends on
initial levels of risk and wealth, age, and union status. This is

consistent with the theory in Chapter 2.

Appealing to the estinated coefficients in Table 5.3, equation (8) is
estimated to be:

MVSH = [.075 - ,0066 (2)RISK - .0015AGE + .027UNI](WAGE) (H) (4000)

wher e MVSH = the inplied marginal value of safety fromthe estinated
hedoni ¢ equati on

A value for MVSH was then cal cul ated for every individual in the data set.
The mean value for MVSH was $2, 148,461 and was nornal |y distributed.
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In the contingent valuation section of the survey (see question 6 in
Appendix A), half of the individuals sanpled were asked directly for their
willingness to pay for a hypothetical one-unit reduction in job-related
risk of death fromtheir initial perceived levels. The other half of the
sanpl e was asked there willingness to accept for a hypothetical one-unit
increase in job-related risk of death fromtheir initial perceived |evels.
Since both involve subjective evaluations, it is assuned that the
information received in Question 6 reflects individuals' indifference
curves. From these WIP and WIA neasures two different M/S neasures were
obtained. Since each step on the ladder in Question 6 is associated with
an additional one in 4,000 risk of death fromthe previous step,
mul tiplying these "bids" by 4,000 yields the marginal value of safety from
the CYWM  This nmeasure is denoted by MSS. The results of the contingent
val uation are sunmarized in Table 5.5.

In Table 5.5 MVSC+ denotes the inplied marginal value of safety from
the contingent valuation for an increase in risk (i.e. willingness to
accept-WIA) while MVSC  denotes the inplied willingness to pay (WP)
neasure of the marginal value of safety.

TABLE 5.5:  CONTI NGENT VALUATI ON ESTI MATES OF WVS

mvsct MVSC™

Mean 5, 906, 934 2,135,972

Because this approach directly estimates a subjective WS estimte and
since it is assumed that MVS is non-negative, the respondents were
constrained to choose frombids ranging fromzero to infinity. For MvsC ,
the bids in fact ranged from zero to $6,000 (inmply_ing WS estimtes ranging
fromzero to $24 nmillion) with the nean of MVSC equal to $2, 135,972
Al though the nean values for MVSH and MVSC™ were approxi mately equal,
unlike the distribution of MVSH, MVSC was not distributed normal ly.
Specifically, MVSC™ was skewed to the right.

5.4 CONCLUSI ONS

The enpirical results fromthe national survey suggest that the
distribution of MVS estimates across the sanple are quite different
dependi ng on the technique enployed. Therefore, for a specific individua
the inplied safety valuation will be different depending on which nethod
policynmakers use. However, in order to derive social benefits from some
envi ronnental policy, the policynaker is forced to aggregate individua
pref erences.

In this situation, taking the nean of these individual evaluation_ is
as good a nethod as any for the purpose of deriving social benefits.
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Therefore, the appropriate neasure for conparison purposes is the mean of
these distributions.

In this study the mean of individual MVS neasures fromthe hedonic
technique (M/SH was found to be approximately the sanme as the nean of the
wi | lingness to pay measure fromthe contingent valuation (MVSC ). That the
mean of MVSC (i.e. wllingness to accept) is significantly larger, is
consistent with the above theory. Further, since nost environnental -risk
regul ation deals with reductions in risk, willingness to pay estimates are
the appropriate neasures to exam ne

By directly conparing the hedonic approach and the contingent
valuation method, the results of this study suggest that the two approaches
may, in fact, éender nean val ues of the nmarginal value of safety which are

quite simlar. Moreover, the $2.1 nmillion MWS figure inplied by the
hedonic technique in this study is simlar }o the MVS estinates from other
hedoni ¢ studies, although slightly higher. Due to the aforenentioned

error in variables problem found in other hedonic studies, and presumng
that this study circumvented such a problem by utilizing a perceived risk
measure, one would expect the nean value for MVSH to be different in this
st udy.

To the extent that the results from hedonic studies accurately depict
individuals' safety valuations, the results of this study are encouraging
for the contingent valuation method because the two methods yielded simlar
results for this particular risk type (i.e. job-related risk of death.)

[f individuals' safety valuations vary across risk types, then the
practice of inputing benefits fromreductions,in environnental risk from
job-related risk conpensations may be suspect. In this case, one option
may be to apply the contingent valuation approach to reductions in specific
environnental risk such as exposure to toxic wastes. Val uations in
reducing risk types other than job-related risk can be obtained directly
from contingent valuation methods due to their flexibility, i.e., they can
be applied to a wide spectrumof risk types. The same cannot be said about
hedoni ¢ techni ques.

Al 't hough the contingent valuation nmethod appears to fair well when
directly conpared to the hedonic nethod, there are sone inportant caveats
whi ch should be pointed out with respect to applying this approach to ot her
risk types. As Brookshire et al. (1982) point out:

[s]ituations where no well-devel oped hedonic market exists nay not be
anenabl e to survey valuation. Biases due to |ack of experience nust
be considered a possibility.

However, they also point out that:
[e] xisting studies by Randall et al. and Brookshire, Ives, and

Schul ze, and Rowe et al. of renote recreation areas certainly suggest
that survey approaches provide replicable estimtes of consuners
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willingness to pay to prevent environnmental deterioration, wthout
prior valuation experience.

Therefore, although the hedoni c approach cannot be applied to
non-job-related risk types while the survey can, much work nust be nmade to
ensure that the survey design gives the respondent adequate information
regardi ng the hypothetical narket. In Chapter 2 it was noted, however,
that the manner in which the survey is designed may affect the survey
results. Wiile this dilemma may well be conpounded for a risk type where
there is no market, it should be pointed out that this is essentially a
public good problem i.e., a reduction in some environmental risk is a
publ i c good. The contingent valuation method is one approach towards
val uing public goods, including environment risk.

While the criticismained at the contingent valuation nethod are
valid, the difficulties involved in evaluating public goods, in general, do
not di sappear by nerely criticizing a particular method ainmed at retrieving
these valuations. The options are to either inprove the existing nethods,
devel op new nethods, or sinply give up. It is the opinion of this author
that an efficient allocation of resources into the production of public
goods is crucial as to render the third option a non-option

Therefore we are left with devel opi ng new net hods of eval uating public
goods in general, and safety in particular, or inproving the existing
et hods. The latter includes a close exanination of how the existing
approaches conpare to each other. This study suggests that, within the
real m of safety evaluations, the hedonic approach and the contingent
val uation nethod, when directly conpared, yield simlar results. Wile
this does not validate the contingent valuation approach as a general
met hod of valuing public goods, it does offer evidence that attenpts at
improving this method may be a worthy step towards the public goods
probl em
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If an individual was paid in the formof a salary, WAGE was conputed
by dividing the individual's yearly salary by his reported total hours
work for 1983.

The highest education level category, "Advanced Col | ege Degree or
Prof essi on Degree” has been left out.

The hi ghest education |evel category, "Advanced Col |l ege Degree or
Prof essi on Degree" has been left out.

The occupational category "Professional or Technical" has been |eft
out .

This ampunts to a Benthanmite Social Wl fare function where each
individual is weighted the sane. Although the decision to enploy any
wei ghti ng scheme over another involves nmaking normative statenents, an
equal weighting scheme nay be |ess controversial then, for exanple,
wei ghting risk-averse preferences nore heavily.

It should be noted that this result also held for the follow ng
subsets of the date file: households with (1) low incone |evels, (2)
m ddle income levels, (3) high incone levels, (4) low m_levels, (5)
mddie m levels, (6) high = levels. P

These estimtes range from $400,000 to $7.5 nillion, and tend to
center around $1.5 mllion (see Violette and Chestnut, 1983).

It has been shown that individuals have different evaluations for

different types or risks. See, for exanple, Starr (1969) and Lita
(1980).
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